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(54) Abstract Title: Expandhig a tubutor mombor 

(57) An apparatus, comprising: a first tubular member 
(170); and a second tubular member (155) coupled 
to the first tubular member; a mandrel (145) within 
the second tubular member; a pressurized region 
(175) within the second tubular member above the 
mandrel; and a mechanism adapted for displacing 
the mandrel with respect to the second tubular 
member; wherein the first tubular member includes 
a defecth/e portion, and wherein the second tubular 
member is positioned in opposing relation to the 
defective portion. 

The first tubular member may be a wellbore casing 
and the second tubular member may be suspended 
In situ to repair the defect In the wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application claims the ten^ of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney docket no. 25791.10, fRed on 
5 2/1 8/2000, the disclosure of which is inborporaled herein by reference.. 

This application is a continuatton-in-part cS U.S. Serial No. 09/559,122, attorney 
docket numt>er 25791.23.02, filed on 4^6/2000, which claimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/131,106. filed on 
4/26/1999, which was a oontinuatk>nHn-part of U.S. patent application serial number 
10 09/523.460. attorney docket number 2579111.02, filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provistonal patent application serial no. 60/124,042, 
filed on 3/11/1999, which was a continuation-in-part of U.S. patent a^jication serial 
number 09/510.913, attorney docket number 25791.7.02, which datmed the benefit of 
the filing date of U.S. provisbnal patent applicatton serial number 60/121,702, filed on 
15 2/25/1999, which was a continuatbn-in-part of U.S. patent application serial number 
09/502,350, attorney docket number 25791.8.02. filed on 2/10/2000, which claimed the 
benefit cf the filing date of U.S. provistonal patent appBcafion serial number 
60/119,611, attorney docket number 25791.8, filed on 2/11/1999, which was a 
continuatk>n-in-part of U.S. patent application serial number 09/454,139, attorney 
20 docket number 25791.3.02, filed on 12/3/1999, which claimed the ber^fit of the filing 
date of U.S. provistonai patent application serial number 60/111,293. filed on 
12/7/1998. 

The prment applk:ation is related to the following U.S. patent app]icatk>ns:'(1) 
utility patent appBcation number . attorney docket number 25791.9.02, 

25 filed on 11-16-1999, which claimed the benefit of the filing date of provisional patent 
application number 60/108.558, attorney docket numi)er 25791.9, filed on 11-16-1998; 

(2) utility patent applfcatton number , attorney docket nuhaber 25791 .3.02. 

filed on 12-3-1999, which claimed the benefit of the filing date of provisional patent 
application number 60/111,293, attorney docket number 25791.3, filed on 12-7-1998; 

30 (3) utility patent applicatton number attorney dodcet number 

25791.8,02, filed on 2-10:2000, which daimed the benefit of the filing date of 
provisional patent application numt>er 60/119,611, attorney docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent applicatkm number 60/121.702, attorney' 
docket number 25791.7, fited on 2-25-1999; (5) provisional patent appticatton number 

35 60/121,841. attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
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patent application number 60/121,907, attorney docket numt>er 25791.16, filed on 2- 
26-1 999; (7) provisional patent application number 60/124,042, attorney docket number 
2579111, filed on 3-11-1999; (B) provisional patent applteatton number 60/131,106, 

AffAmAU fifyjfAf niimKor 0K70^ O'k 9VLaM ^91^4 OOO* iO\ r%^\n»*u\n^t nafAnt sa\r^ln&Hrkr* 

5 number 60/137,998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provisionat patmft application number 60/143^039, attorney dodcet number 25791.26, 
. filed on 7-9-1999; (11) provisional patent application number 60/146,203, attorney 
docket nisnber 25791.25, filed on 7-^1999; (12) provisional patent application 

number • attam^ docket number 25791.29, filed on 9-16-1999; (13) 

10 provisional patent applicafion number • aXtame^ docket nurrib^ 

25791.34. filed on 10-12-1999; (14) provisional patent application number , 

applicatkm number 60/159,033, attorney docket number 25791.37. filed on 10-12- 
1999; (15) provisional patent application number , attorney docket 

15 number 25791 .27. filed on 1 1-01-1 999. 

Applicants incorporate by reference the disclosures of these applications. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are fomied using expandable tubing . 

20 Conventionally, when a wellbore is created, a number of casings are installed in 

the boreholie to prevent coHapse of the borehole wall and to prevent undesired outflow 
of drUBng fiukl into the formatiori or inflow of fluid from the fonnatton into the borehole. 
The borehole is drilled in inten^ls whereby a casing which is to be installed in a lower 
borehole intenral Is towered through a previously installed casing of an upper borehole 

25 interval. As a consequence of this procedure th? casing of the lower interval is of 
smaller diameter than the casing erf the upper interval. Thus, the casings are in £| 
nested arrangement vM) casing diametm decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the tX)rehole wall to 
seal the ca^ngs from the borehole wall. As a consequence of this nested arrar^ement 

30 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
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diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Conventionally, at the surfece end of the wellbore, a wellhead is fomned that 
typi^Gy Indud^ a sur^ce caslrtg, a nyrnber of production and/or drilling spools. 
5 valving. and a Christmas tree. Typically the wellhead further includes a concmtric 
arrangement of casings including a production casing and one or more tntemnedlate 
casifigs. The casings are typically supported using load bearing slips positioned at^ove 
the ground. The conventional desiign and construction of wellheads is expensive and 
complex. 

10 Conventionally, a weilbore casing cannot be fom^ during the drilling of a 

weltbore. Typically, the welltx)re is drilled and tt^n a v^libore casing is fonmed in the 

nA%*jk# Aril\i%A oArvfSon r\i fKo lAJAllKrhm ThSe Halayo thA rv\mnloftnn nf 9 lMF»lf 

The present invention Is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads, 

15 Summary 

According to another embodiment of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the nr^ndrel with respect to the tubular member. 

20 Aooording to another embodinrrant of the present invention, an apparatus for 

radially expanding a tubular member is provided that indudes a first tubular member, a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and petitioned within the second tubular nriember. a first 
annular sealing member for sealing an interface between the first and second tubular 

25 members, a second annular seahig member for sealing an interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
member arxJ coupled to an erKl of the third tubular ntember. 

According to another emtxxlinrient of the pr^nt invention, an apparatus is 
provided that indudes a tubular memt>er, a piston adapted to expand the diameter of 

30 the tubular nrwnber positioned within the tubular member, and an annular chamber 
defined by the piston and tubular member. The piston indudes a passage for 
conveying fluids out of the tutnilar ntember. 

According to another embodiment of the present invention, an apparatus is 
provided that Indudes a preexisting structure and a tubular member coupled to the 

35 preexisting stnicture. The tubular member is coupled to the preeixisting structure by 



3 



the process of: positioning the tubular mend)er in an overlapping relationship to the 
preexisSng structure, placing a mandrel v^n the tubular nnember, pressurizing an 
annular region within the tububr member above the mandrel, and displacing the 

5 According to another ernbodiment of the present invention, a rmthod of 

expanding a tubular member is provided that Includes preforming the tubular member 
to include a first portion, a second portion, and a third portion, piadng a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubular 
member and displacing the mandrd with respect to the tubular member. The inside 

10 diameter d( Vhe second portion of the tubular member is greater than the inside 
diameters of the first and third portions of the tubular member 

AcGDrdiriQ to snother 6na>odiinsnt of the preserit invsnuon, an appara^LiS lOr 
radially expanding a tubular member is provided that Includes a first tubular member, a 
second tubular member coupled to the first tubular member, a thinl tubular member 

15 coupled to the second tubular member, and a mandrel positioned, within the second 
tubular member and coupled to an end portion erf the third tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand tiie diameter of the tubular member positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of ttie second portion of the 
tubular member is greater than the inside diameters of the first and third portions of the 

25 tubular member. 

According to another embodiment erf the present fnyentton. an apparatus Is 
provided that includes a preexisting structure and a tububr mmtber coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
the process of: preforming the tubular member to include first, second, and third 

.30 portions, positioning the tubular member in an overlapping relationship to the 
preexisting structure; placing a mardrel within the second portion of the tubular 
member, pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. The inside diameter of the second portion 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tutxiiar member. 
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The present embodiments of the invention provide methods and apparatus for 
fonning and/or repairir^ welibore casings, pipelines, and/or structural supports by 
radially expanding tubular members. In this manner, the formation and repair of 
wellbOTi casings, p!pef!nes, and structural supports is improved. 
5 Brief Description of the Dramngs 

FIG. la is a fragmentary crpss-secHon IHustratton of an embodiment of an 
apparatus and method for expanding tubular mernbers. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c is anottier fragmentary cross-secUonal illustration of the apparatus of 

FIG. la. 

pjQ 23 is 3 fragrnentery cross-secHon illustration of an embodiment of an 
apparatus and method for e)qpanding tubular memt>ers. 

FIG. 2b is another fragmentary cross-sedional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-sectional Illustration of the apparatus of 
FIG. 2a. 

FIG. 2d is another fragmentary cross-sectional iilistratidn of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the iflustrative Embodiments 
Referring now to FIGS. 1a. ib and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a prefened embodiment, the apparatus 100 
25 incluctes a support member 105, a packer 110, a first fluid conduit 115, an annular fluid 
passage 120, fluid inlets 125. an annular seal 130, a second fluid conduit 135. a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, a tubular member 155, slips 
160, and seals 165. In a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular rnewber 155. In this manner, the apparatus 100 may be used to 
30 form a welibore casing, line a welibore casing, fbnn a pipeline, line a pipeline, form a 
stnxtural support member, or repair a welibore casing, pipeline or strurtural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 prefmbly is a tubular number 
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fabricated from any number of conventional commercial^ available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is prefisrably selected to fit through a preexisting 
section of weilbore casing 170. In this manner, the apparatus 100 may be positioned 
6 within the weilbore casing 170. In a preferred embodiment, the support member 105 is 
releasaWy coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The paclcer 1 10 is coupled to the support member 105 and the first fluid conduit 
10 115. The packer 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 1 15 and the Inside surface of the support member 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105. first fluid conduit 115. second fluid conduit 135. and mandrel 145. defines 
an annular chamber 175. The packer 110 may be any number of conventional 
15 commercially available packers modified in accordance with the teachings of the 
(wesent disctosure. In a preferred embodiment,^ the packer 110 is an RTTS packer 
available from Halliburton Enei^gy Servtoes in onJer to optimally provide high load and 
pressure containment capacity whHe also albwing the padcer to be set and unset 
multiple times without having to pull the packer out of the weilbqre. 
20 The first flukf conduit 115 Is coupled to the packer 110 and the annular seal 

130. The first fluid conduit 1 15 preferably is an annular member fabricated from any 
number of conventional corfunerdalty available materials such as, for example, oilfiekl 
country tubular goods, low alloy steel, carbon steel, or stainless steel. In a preferred 
embodiment, the first fkiM conduit 1,15 includes one or more fluM inlets 125 for 
25 conveying fluidic materials from the annular fluid passage 120 into the chamber 175. 

The annular fluid passage 120 Is defined by and poslttoned between the interior, 
surface of the first fluid conduit 115 and the interior surface of the second fiukJ cohduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy. lubricants, and slag mix at qjerating pressures and flow 
30 rates ranging from about 0 to 3.000 gallons/minute and 0 to 9.000 psi in order to 
optimally provkJe flow rates and operational pressures for the radial expansion process. 

The fluid inlets 125 are positioned in an end portion of the first fluid conduit 1 1 5. 
Tl» fluid inlets 125 preferably are adapted to convey flukJic materials such as cement, 
water, epoxy. lubricants, and slag mix at operating pressures and flow rates ranging 
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from about 0 to 9,000 psi and 0 to 3,000 galions/minute in order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid cociduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surface of the first fluid conduit 115 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 
surface of the first fluid conduit 115 and the exterior surface of the secc^ fluid conduit 
135 during relative axial nnotion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 available seals such as, for exanrH>le, 0-rings, polypak seals, or metal spring energized 
seals, in a prefened embodiment, the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second fluid conduit 135 is . coupled to the annular seal 130 and the 
mandrel 145. The second fluki conduit preferably is a tubular member fabricated from 

15 any number of conventional commerdatly available materials such as. for example, 
coiled tubing, oilfield country tubular goods, tow alloy steel, stainless steel, or low 
carbon steel. In a preferred embodiment, the second flukl conduit 135 adapted to 
convey fluidic materials such as cement, water, epoxy, lubricants, and sls^ mbc at 
operating pressure and flow rates ranging fnxn about 0 to 9,000 psI and 0 to 3,000 

20 gaUons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluid passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally pixyvide flow rates and operational pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluid corKiuit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 

30 sectton fat)ricated from any numt>er of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength alloys. In a preferred embodiment, the angle of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a preferred 

35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength, in a preferred embodiment, the 
expansion oone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior txxly in order to optimally provide atirasion resistance and 
fracture toughness. In an alternative emtxxliment. the mandrel 145 is expandit>ie in 
order to further optimally augment the radial expanston prooess. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
facilitate the radial expansion prooess. In a prefenBd embodiment, the cross-sectional 
area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
and at the other end. the cross-sectional area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wait thidcness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thidcness of the tubular member 155 in order to facilitate the initiation 
of the radial expansion process. 

The mandrel launch^* 150 may be faMcated from ar^ number of conventtonal 
omvnerciaily available materials such as, for example, oilfield country tubular goods, 
low altow steel, stainless steel, or carbon steel, in a prefenred embodiment, the 
mandrel launcher 150 b fabricated from oilfield country tubular goods having higher 
strength but lower wall thidcness than the tubular member 155 in order to optimally 
match the burst strength of the tubular merrA>er 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed from the wellbore 180 upon the 
completion of an extrusion operation. 

In an alternative embodiment, the support member 105 and the mandrel 
launcher 150 are integrally fonhed. In this alternative embodiment, the support 
member 105 preferably temninates above the top of the packer 110. In this altemative 
embodiment, the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100. using the packer 110 to couple together the elements of the apparatus 
100. In this altemative embodiment, in a preferred embodiment, during the radial 
expanskNfi prooess, the pac*er 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the previous casing 170. within the tubular 
memt)er 155. between radial e;9>ansion operattons. In this manner, the packer 110 is 
moved downhole and the apparatus 100 is re-stroked. 
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The tubular member 155 is coupled to ttie mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably Is a tubular member fabricated from 
ariy number of conventional commercially available materials such as. for example, tow 
alloy siael. carbon steel, stainless steel, or oiffieid country tubular goods. In a preferred 
5 embodiment, the tubular member 1 55 is fabricated from dlftetd country tubulsur goods. 

The slips 160 are ooupted to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular m^ber 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 

10 The slips 160 may be any number of conv^tiorial commenDially available slips suc^ 
as, for example. RTTS packer tungsten cartHde slips. RTTS packer wicker type 
mechanical slips or Modal 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred embodiment, the slips 160 are RTTS packer tungsten 
carbide medianical slips available from Halliburton Energy Services. In a prefenred 

15 embodiment, the slips 160 are adapted to suppc»t axial forces ranging from about 0 to 
750,000 Ibf. 

The seals 165 are coupled to the outskle surface of the tubular memb^ 155. 
The seals 165 prtferabiy provkle a fluUlc sea! between the outside surface of the 
expanded tobular member 155 and the interior walls of a casing, (Pipeline or other 

20 structure upon the radial expansk»ri of the tubular member 155. In this nruinner, the 
seals 165 pro^ a fluidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially available seals such as, for example, 
nitrile rubber, lead, Aflas njbber. Teflon, epoxy, or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals available from numerous commerdal 

25 vendors In order to optimally provide pressure sealing and load bearing capacity. 

During operation of the appanatu^ 100, the apparatos 100 is preferably towered 
into a welibore 180 having a preexisting section of wellbore cdsirrg 170. In a preferred 
embodiment, the apparatus 100 is positioned with at least a portton of the tubular 
member 155 overtappihg with a portion of the wellbore casir^ 170. In this manner, the 

30 radial expansion of the tubular member 155 will preferably cause the outside surface of 
the e)^nded tubular member 155 to couple with the inside surface of the wellbore 
casing 170. In a preferred embodiment, the radial expansion of the tubular member 
155 will also cause the slips 160 and seate 165 to engage with the interior surface of 
the wdlbore c^ing 170. In this manner, the expanded tobular member 155 is provtoed 
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with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated In FIG. lb, after placement of the apparatus 100 In an overlapping 
rebtionship with the wellbore casing 170^ a fluidic material 185 is (Mreffsrably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embodiment, the fluidic rraterial ls pumped into the chamber 175 at operating 
pressures and flow rates rariging from about 0 to 9,000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process^ The pumped fluidic material 185 inaease the operating 

10 pressure within the chamber 175. The Increased q^erating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand in the radiat direcUm. 

In a preferred embodiment, the pumping rate and pressure of the fluidk: 
material 185 is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 100. In a preferred embodiment, the apparatus 100 

20 includes shodc absorbers for absorUng the shock caused by the. completion of the 
extrusion process. 

In a preferred embodiment, the extn^ion process causes the mandrel 145 to 
fxme in an axial direction 185. During the axial movement of the mandrel, in a 
prefened embodiment, the fluid passage 140 conveys fluidic nriaterial 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner, the operattonal 
effldency and speed of the extrusion process is enhanced. 

In a preferred embodiment, the extrusion process includes the injection of a 
hardenable fluidic rnaterial into the annular regton between the tubular member 155 
and the bore hole 180. In ttiis manner, a hardened sealing layer is provided between 
30 the expanded tubular member 1 55 and the interior walls of the weiibore 1 80. 

As illustrated in FIG. 1c, in a preferred embodiment, upon the con9>letion of the 
extrusion process, the support member 105. packer 110, first fluM conduit 115, annular 
seal 130. second fluid conduit 135, mandrel 145, and mandrel launcher 150 are moved 
from the wellbore 180. 
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In an alternative embodiment the apparatus 100 is used to repair a preexisting 
vvelft>ore casing or pipeline. In thte alternative emtK>diment» t>oth ends of the tubular 
member 155 pr^erably include slips 160 and seals 165. 

In an altanrurtive embodiment, the apparatus 100 is used to fcmn a tubular 
5 structural support for a building or oftehore structure.. 

Referring nofw to RGS. 2a, 2b, 2c 2d, and 2e. an apparatus ^ for expanding 
a tubular marvber will be described. In a preferred embodiment, the apparatus 200 
mdudes a support member 205, a mandrel launcher 210, a mandrel 215. a first fluid 
passage 220, a tubular ntember 225, slips 230, seals 235. a shoe 240, and a second 
10 fluid passage 245. In a preferred embodinnent, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to form a welibore casing; line a wellbore casing, form a 
pipeline, line a pipeline, form a stotctural support member, or repair a wellbore casing, 
pipeTme or structuraf support nrember. In a prefenred embodiment, the apparatus 200 
1 5 is used to dad at least a portion of the tubular member 225 onto a preexisting structunari 
member. 

the support mennber 205 is preferably coupled to the mandrel launcher 210. 
The support member 205 preferably is a tubular member ftibricated from any number 
of conventional commerdaliy available materials such as, for example, oilfleld country 

20 tubular goods, tow altoy steel, carbon steel, <^ stainless steel. The support member 
205. the mandrel launcher 210, the tubular member 225, and the shoe 240 are 
preferably selected to flt through a preexisting section of welibore casing 250. In this 
manner, the apparatus 200 may be positioned witfiin the wellbore casing 270. in a 
preferred embodinr^nt, the support member 205 is releasably coupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completton of an extrusion operation. 

The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thickness in order to fadlitate the 

30 radial expansion process. In a preferred embodiment, the cross-sectional area of the 
nrtandrel launcher 210 at one end is adapted to mate with the mandrel 215, and at the 
other end, the cross-sectional area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. ' In a preferred embodiment, the 
wall thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to fadOt^e the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be ^bricatBd from any number of conventional 
commerctaliy available materials such as, for ^canmie, oilfield country tubular goods, 
5 iovy altow steel, stainless steel, or cartxm steel. In a preferred embodiment, the 
mandrel launcher 210 Is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a prefen^ embodlrhent, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 

10 manner, the mandrel launcher 210 may be removed from the vi/ellbore 260 upon the 
completion of an extrusion ^ration. 

The marKirel 215 is coupled tc the mandrel launcher 210. The maridrel 215 
preferably are an annular memt)er having a conic section fabricated from any number 
of conventional commercially available materials such as, for example, machine tool 

15 steel, ceramics, tungsten cari[>ide, titanium or other high strength alloys. In a prefened 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the radial direction. In a preferred embodiment, the surface of the conic 
sectton ranges from about 58 to 62 Rockwall C In order to optimally prcMde high yield 

2a strength. In a preferred embodlrmnt, the expanskKi cone 215 is heat treated In order 
to optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expendible in order to further optimally augrnent the 
radial expansion process. 

25 The fluid passage 220 is positioned within the mandrel 215. The fluid passage 

220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3.000 gallons/minute in order to optimally provide flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 

30 preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluididy isolated 
from the interior chamber 275 t>elow the mandrel 215. 

The tubular member 225 Is coupled to Vhe mandrel launcher 210, ttie slips 230 
and the seals 235. The tubule niember 225 preferabty is a tubular member fabricated 

35 from any number of conventional commercially available materials such as, for 



exarnple, low alloy steel, carbon steel, stainless steel, or oiifieid country tutnilar goods, 
in a preferred embodiment, the tubular member 225 is fabricated from oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or otter structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide staictural support for the expanded tubular member 225. 
The 5lq;>s 230 may be any number of conventional commerdally available slips sud) 
as, for example, RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 

10 type mechanical slips, or Model 3L retrievable t)ridge plug tungsten carbide upper 
rDOchanical slif^. In a preferred embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outskJe surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outside surface of the 

15 expanded tubular member 225 and the Interior walls of a casing, pipeline or other 
structure upon the radial expar^ion of the tubular nnember 225, in this manner, the 
seals 235 provMe a fluidic se^ for the expanded tubular rtrember 225. The seals 235 
may be ariy number of cdnventtonal oommerdaily available seals such as, for example, 
nitrile rubber, lead, Aflas rubber, Teflon, epoxy or other elastomers. In a prefenred 

20 erhbodiment, the seals 235 are conventional rubber seals available from vartous 
commercial vendors in order to optimally provkle pressure sealing and load bearing 
capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluM passage 245 for conveying fluidic 

25 materials from the chamber 275 to the annular region 270 outskle of the apparatus 
200. The shoe 240 may be any number of conventional commerdally available shoes 
such as, for example, a Super Seal II float shoe, a Super Sfeal II Down-Jet fk>at shoe, 
or a guide shoe with a sealing sleeve for a latch down plug riKXlified in accordance yvith 
the teachings of the present disctosure. In a preferred embodiment, the shoe 240 is an 

30 aluminum down^et guide shoe ^th a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 225 in the wellbore, 
optimally provide a fluMic seal between the interior arKi exterior diameters of the 
overtapping joint between the tubular members, and optimally facilitate the complete 
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driirirtg out of the shoe and plug upon the conq>letion of the cementing and radial 
expansion operations. 

During operation of the apparatus 200. the apparatus 200 is preferat>ly iovvered 
into a wellborB 260 having a preexisting section oT welit>ore casing 275. . In a prefened 
5 embodiment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 overlapping with a portion of the wetlbore casing 275. In this manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a preferred embodiment, the radial expansion of the tubular member 
10 225 \Mll also cause the slips 230 and seals 235 to engage with the interior surface of 
the wellbcTO casing 275. In this manner, the expanded tubular nriember 225 is provided 
with enhanced stnjctural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overiapping 

IS relationship with the wellbore casing 275. a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic matmial 280 then passes out of the chamber 
275. through the fluid passage 245, and into the annular region 270* In a prefened 
. embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 

20 pressures and flow rates ranging from about 0 to 9,000 pst and 0 to 3.000 
gallons/minute in order to optimal^ provide flow rates and operational pressures for the 
radial expansion process. In a prefenrad embodiment, the fluidic material 280 is a 
hardenaUe fluidic sealing material in order to fbnrn a hardened outer annular rhember 
around the expanded tubular member 225. 

25 As illustrated in FIG. 2c, at some later point in the process, a ball 285, plug or 

other similar device, is introduced into the pumped fluidic material 280. In a preferred 
embodiment, the ball 285 mates with and seals off the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluididy isolated from the diamber 275. 

As illustrated in FIG. 2d, a^fler placement of the ball 285 in the inlet 265 of the 

30 fluid passage 220, a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates rangir^ from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
provkJe optimal operating efficiency. The fluidic material 290 may be any number of 
oonventimal commercially available materials such as, fcr example, water, drilling 
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mud. cement, epoxy, or slag mix. In a preferred embodiment, the fluWIc material 290 is 
a non-hardenable fluidic material in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases- the operating pressure within the chamb^r 270. The increased operating 
5 pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandriel 215. The 
extn^ion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 

10 causes the entire length of the tubular member 225 to expand in the radial direction. 

In a prefenred emixxliment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extmsion process in order to 
minimize shock to the apparatus 200. In a preferred embodiment the apparatus 200 
includes shock absorit>ers for absorbing the shock caused by the completion of the 

IS extrusion process. In a preferred embodiment the extrusbn process causes the 
mandrel 21 5 to move In an judal direction 295. 

As illustrated in FIG. 2e. in a prefened embodiment, upon tte completton of the 
extnjslcm process, the support member 205, packer 210, flrst fluid conduit 215, annular 
seal 230, Second fluid conduit 235. mandrel 245, and nnandrel launcher 250 are 

20 renwved from the wellbore 20). In a preferred embodiment, the resulting new section 
of wellbore casing includes the preexisting wellbore casing 275, the expanded tubuldr 
member 225, the slips 230. the seals 235, the shoe 240, and an outer annular layer 
4000 of hanjened fluidic material. 

In an alternative embodiment the apparatus 200 is used to repair a preexisting 

25 wellbore casing or pipeline. In this altemative embodiment both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an altemative embodiment the apparatus 200 is used to form a tubular 
stnjctural support for a building or oftehore structure. 

In a preferred embodiment the tubular; members 105 and 225; shoes 240: 

30 expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provided substantially as described in one or more of the foltowing U.S. patent 

applications: (1) utility patent appfication number ♦ , attorney docket 

number 25791.9.02, filed on 11-16-1999. which claimed the benefit of the filing date of 
provistonal patent appik:ation number 60/108,558. attorney docket number 25791.9, 

35 filed on 11-16-1998; (2) utility patent application number , attorney docket 
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number 25791.3.02. filed on 12-3-1999. which dalmed the benefit of the filing date of 
provistonai patent application number 60/111.293. attorney docket number 25791.3, 

filed on 12-7-1998; (3) utility patent application number __, attorney docket 

number 25791.8.02, filed on 2-10-2000. vi^hich claimed the benefit of the filing date of 
provisional patent application number 60/119,611, attorney docket nun*er 25791.8, 
filed on 2-11-1999; (4) provisional patent applicatton number 60/121.702. attorney 
docket number 25791.7, filed on 2-25-1999; (5) proviskMial patent applicatton number 
60/121.841, attorney docket number 25791.12. filed on 2-26-1999; (6) provisional 
patent application number 60/121,907. attorney docket number 25791.16. fSed on 2- 
26-1999; (7) provisional patent application number 60/124.042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent applicatton number 60/131,106, 
attorney docket number 25791.23. filed on 4-26-1999; (9) provistonai patent applicatfcxi 
number 60/137.998. attorney docket number 25791.17, filed on 6-7-1999; (10) 
provistonai patent appficatton number 60/143.039. attorney docket number 25791.26. 
filed on 7-9-1999; (11) provistonai patent applicatton number 60/1463)3. attorney 
docket number 25791.25. fited on 7-29-1999; (12) providonal patent application 

number , attorney dock^ number ^91.29. fitod on 9-16-1999; (13) 

provtetond patent applicatton number , attorney docket, nun^ 

25791.34. fitod on 10-12-1999; (14) provisionai patent appHcatton nun^ , 

atbxney docket number 25791.36, filed on 10-12-1999; (13) provistonai patent 
applicatton number 60/159.033. atlomey docket number 25791.37, filed on 10-12- 

1999; (15) provistonai patent application number _^ , atlomey docket 

number 25791.27, filed on 11-01-1999. Applicants Incorporate by reference the 
disctosures of these applications. 

Although Illustrative embodiments of the invention have been shown and 
descrtt>ed, a wtoe range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present inventton 
may be en^loyed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be constnied broadly and in a manner consistent 
with ttie scope of the invention. 
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Claims 

1. An appaiatus, corTq>ri5ing: 
a first tubular member, and 

a second tubular member coupled to the first tubular member, 
5 a rnandrel Within the second tubular rnember; 

a pressurized region within the second tubular member above the mandrel; and 
a mechanism adapted for displacing the mandrel with respect to the second 
tubular memben 

wherein the first tubular member includes a defective pcwtion, and wherein the 
10 second tubular member is positioned in opposing nelation to the defective portton. 
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1. A method of coupling a tubular memt>er to a preexisting structure, 
Gornprising: 

positioning the tutHJiar m6mt>er in an overlapping relationship to the preexisting 
sfrudure: 

5 placing a mandrel within the tubular member; 

pressurizing an annular region within the tubular member above the mandrel; and . 
displacing the i^ndrel with respect to the tubular member. 

2. The method of datm 1 » further comprising: 
10 removing fluids within the tubular member that are displaced by the displacement 

of the mandrel. 

3. The method of claim 2. wherein the renrioved fluids pass inside the annular 
region. 

15 

4. The method of claim 1 , wherein the volume of the annular region increases. 

5. The method of dalm 1 . further including sealing off the annular region. 

20 6. The method of claim 5, wherein sealing off the annular region includes sealing a 
. stationary meml)er and sealing a rran-stationary member. 

7. The method of daim 1, further including conveying fluids in opposite directions. 

25 8. The method of daim 1 , further induding conveying a pressurized fluid and a non- 
pressurized fluid in opposite dii^ons. 

9. The method of claim 1, wherein the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. 

30 

10. The method of daim 1 , wherein the pressurizing is provided at flow rates ranging 
from about 0 to 3,000 galtons/mtnute. 

11. An apparatus for radially expanding a tubular memt)er. comprising: 
35 a first tutxilar member, 
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